globally by at least 90% compared with 2015 levels; to eliminate malaria from at least 35 countries in which malaria was transmitted in 2015; and to prevent re-establishment of malaria in all countries that are malaria free. These WHO targets are designed to fulfill a target set by the relevant United Nations Sustainable Development Goal, which was to end the epidemics of AIDS, tuberculosis, malaria, and neglected tropical diseases by 2030 (4) .
HiSTORY OF MALARiA in SRi LAnKA
Sri Lanka is an island with an area of 65,525 km 2 located between latitudes 5′55 and 9′50 north of the equator (Figure 1) . It lies in close proximity to southern India and the two countries are separated by the 64-137 km wide Palk Strait. The central hills of the island divide the surrounding plains into dry and wet rainfall zones. The wet zone, located in the central hills and the Southwest of the island, receives an average annual rainfall of 250 cm in two main rainy seasons, namely the Northeast (NE) monsoon that typically commences in October and ends in January, and the Southwest (SW) monsoon that often begins in April and ends in June. Inter-monsoonal rains also occur between these periods in the wet zone. The dry zone, with an annual rainfall of 60-190 cm, receives maximal rainfall during the NE monsoon and typically little or no rain for the rest of the year. An intermediate zone, with mixed characteristics, lies between the dry and wet zones. Malaria was typically endemic in the dry and intermediate rainfall zones of the country with the wet zone becoming prone to malaria during exceptional dry conditions caused by a failure of the monsoons (5) (6) (7) (8) (9) (10) (11) . Only the high hill country is free from malaria transmission because of the cold (5) (6) (7) (8) (9) (10) (11) .
There were no written records of a malaria-like disease in Sri Lanka until the early thirteenth century when such a disease was associated with the decline of Polonnaruwa Kingdom (1029-1232 AD) as recorded by Buddhist monks in the chronicle Mahavamsa. There was no such record of malaria in the preceding Anuradhapura kingdom (544 BC-1029 AD) that, like Polonnaruwa, was located in the present day North Central province in the dry zone (Figure 1 ). The Polonnaruwa kingdom had a typical dry zone ecology. The kings of that time conceived the idea of harnessing water from the great rivers flowing into the region originating in the central hills of the island and supplied by rainfall from both monsoons (12) . Dams were built and canals constructed to conduct water toward the major areas of rice cultivation in the present day North Central province. There, the water was stored in large irrigation reservoirs. The ancient hydraulic systems of dams, canals, sluices, and reservoirs were built to a high engineering standard. The agricultural success resulting in the irrigation development during the Anuradhapura and Polonnaruwa era spawned a thriving civilization that became famous for flourishing Buddhist cultural and literary activities, arts and crafts, and the architectural wonders of temples. The collapse of the Polonnaruwa kingdom in the thirteenth century has been variously associated with invasions from South India and epidemics of the malaria-like disease (12) . The malaria-like disease appears to have continued to persist in the dry zone after the decline of Polonnaruwa. A subsequent record of a malarialike disease comes from a map published by the Dutch during the period of Dutch colonization of the island, 1658-1815. This indicated that the Southern Province located in the wet zone of the island had been depopulated by a febrile illness, which had also occurred in the dry zone areas surrounding Polonnaruwa. Malaria was conjectured to be the scourge and, by the 1880s, it was identified as "Kale Una" or "Forest Fever" by the affected Sinhalese communities. Malaria was firmly established in Sri Lanka by the beginning of the twentieth century and caused serious epidemics in 1906, 1914, 1919, 1923, 1934-1935, 1967-1969, and 1986-1987 (13, 14) (Figure 2) . The country's first major effort to control malaria began with the establishment of the Antimalaria Campaign (AMC) by the government in 1911 during the British Colonial period . The country's first malariologist was appointed in 1921. In the early 1920s, different approaches were used in urban and rural areas to control malaria. Antilarval measures [e.g., application of Paris green or copper (II) acetate triarsenite] were used in rural areas while environmental measures (drainage and filling of small pools and water collections) proved cost effective in urban areas. However, in rural areas with an abundance of potential breeding sites, these measures were relatively infective and malaria spread rapidly reaching a major epidemic proportion in 1934-1935.
THe GReAT MALARiA ePiDeMiC OF 1934-1935
The most devastating of all AMC-recorded malaria epidemics in Sri Lanka was the epidemic of 1934-1935, which ravaged the entire island, infecting an estimated five million people and causing approximately 80,000 deaths (15) . Plasmodium vivax was the predominant parasite species being responsible for >50% of infections during this epidemic, but there was also a significant and time-variable contribution from P. falciparum (up to 43%) and a relatively minor contribution (approximately 1%) from P. malariae (15) . Almost one out of every two infants born during this epidemic died of malaria. The devastating impact of this epidemic in the North Central province is shown in Table 1 .
The number of cases of malaria was determined by blood film examination at this time.
In order to bring the epidemic under control, larval habitats were cleared, drained, and filled to prevent stagnant water collection and oiling was carried out to minimize preimaginal development of the anopheline vectors in other water bodies. Quinine was widely used for therapy during this epidemic for treating patients (15) . The medical authorities attributed the main cause of the epidemic to an unusually prolonged drought in the whole country that led to drying up of the major rivers resulting in the formation of riverine pools that provided expanded and ideal habitats for preimaginal development of Anopheles culicifacies, the major malaria vector in the country (15) . However, population movements may also have been a factor for this epidemic. Due to a prevailing economic depression and scarcity of employment, persons working in the wet zone coconut and rubber plantations migrated to the dry zone, where they contracted malaria within a short time and then returned to their former homes because of their illness. Such people would have been important carriers for introducing the parasite into the wet zone where anopheline densities were also increased by the prevailing drought conditions.
MALARiA in SRi LAnKA DURinG THe SeCOnD HALF OF THe TwenTieTH CenTURY
Dichlorodiphenyltrichloroethane (DDT), an organochlorine insecticide, was introduced in Sri Lanka after World War 2 for use as an indoor residual insecticidal spray to control malaria. The use of DDT spraying at this time was highly effective and led to the decline of malaria in many countries including Sri Lanka. Consequently, the WHO declared the global eradication of malaria to be a goal in 1955 and Sri Lanka became a pioneering nation in launching its own malaria eradication program in 1958. With its incidence dropping rapidly in the country, malaria was made a notifiable disease in 1961. After years of malaria control by the AMC, the number of cases in the whole island rapidly declined to only 6 indigenously transmitted and 11 imported cases of malaria in 1963 (13) . For the first time in recorded history, malaria was on the brink of elimination in Sri Lanka.
With elimination around the corner, Sri Lankan government authorities became complacent and made a disastrous mistake. Continuous vigilance was not maintained and control measures were reduced. Many DDT spraying teams were disbanded and a consolidation phase of eradication (as defined by the WHO) was initiated in 1964 (14, 16) . Because of the relaxed malaria control measures, a gradual increase in malaria incidence occurred from 1965 onward, leading to a countrywide epidemic of malaria in 1967-1968 with over 500,000 malaria cases being reported in 1969 (13) . The return of malaria led to a resumption of vector control measures, principally the indoor residual spraying of insecticides, by the AMC. Fortunately and surprisingly, only five deaths were reported as being due to malaria in 1969. This may have been because 90% of the parasite cause of the epidemic was P. vivax, a less fatal parasite species P. falciparum, and for which chloroquine treatment had then become readily available in all parts of the country under the widespread and free government health service. The ensuing years showed many small peaks of malaria incidence. The principal vector of malaria in the island, An. culicifacies, had begun to develop resistance to DDT by 1969. Due to increasing vector resistance to DDT, it was replaced by the organophosphate insecticide Malathion for vector control by indoor residual spraying in 1977.
ReSURGenCe OF MALARiA 1980-2000
These two decades saw the establishment of many new irrigation schemes throughout the country, especially in the malaria endemic areas of the dry zone. Despite the widespread use of Malathion, malaria continued to be prevalent with high incidence from 1980 to 2000 (Figure 2 ). The most important irrigation scheme undertaken and established during this period was the accelerated Mahaweli Development Scheme. The Mahaweli, the country's largest river, was dammed and large storage reservoirs and canals built to divert the water into areas of rice cultivation in the North Central Province. This large project included the Victoria, Kothmale, Polgolla, Randenigala, Rantambe, and Maduru Oya sub-projects situated in the central hill country. With the establishment of these reservoirs in the hill country, several towns here were inundated by the Polgolla and Victoria reservoirs. Many people of the hill country who lost their homes due to the Mahaweli Development Scheme were translocated to the newly established agricultural areas of the North Central Province in System B of the Mahaweli project within the Polonnaruwa district (6) . This process led to mixing of people who had lived in the Polonnaruwa district for decades and developed a degree of acquired clinical immunity to malaria, with the new colonists from non-endemic areas in the hill country with no acquired immunity to malaria. When the non-immune new arrivals became infected with malaria, they developed very high parasitemia contributing to malaria transmission in the population.
Malaria reached epidemic proportions in System B of the Mahaweli project in the period 1986-1988 (10). Many inhabitants became seriously ill with malaria for the first time during the epidemic in 1986. Apart from changes in ecology and population structure, failure of vector control was also considered to have contributed to this epidemic. Inadequate spraying of Malathion resulted from the major fire at the Malathion storage plant in 1986, which destroyed much of the imported chemical. Furthermore, pilferage of Malathion from stores (to be used as agricultural insecticide) and decreased acceptance of Malathion spraying due to its pungent odor were also causative. The civil war in parts of the Northern and Eastern province at this time also had an impact on indoor residual spraying and other vector control activities (17) . Reservoirs of poorly controlled vectors in conflict zones may have contributed to an increase in malaria transmission in the contiguous Polonnaruwa district in the North Central province.
MALARiA ePiDeMiC in POLOnnARUwA 1986-1987
The most significant feature of the malaria epidemic at this time was the tremendous surge of P. falciparum malaria. P. vivax had previously been recorded as the predominant parasite species causing malaria in Sri Lanka by the AMC since 1911. However, the P. falciparum: P. vivax case ratio reached nearly 1:1 for the first time during this epidemic as illustrated by the data for the Polonnaruwa district in Table 2 . However, this proportionate increase in P. falciparum, which was also reflected in other parts of the country, later reversed closer to the year 2000 and afterward (see below). The high prevalence of malaria in the Polonnaruwa district was further confirmed by the assessment of the spleen rate, the parasite rate, and the pattern of malarial admissions to Base Hospital, Polonnaruwa. We observed a high prevalence of anemia, splenomegaly, hepatomegaly, and fever with attendant other complications of malaria at this hospital during this period (18, 19) . Guillain-Barre syndrome was also first described as a complication of malaria at this time (20) .
Our own observations in Weheragala, a village located within the Polonnaruwa district in system B of the Mahaweli irrigation scheme, showed a continued high prevalence of malaria in the area in 1990 and generated pertinent information on its possible cause (6) . At Weheragala, in 1990, up to 72, 59, 40, and 20.2% of the inhabitants had anemia, splenomegaly, hepatomegaly, and positive blood films for malaria parasites, respectively. The P. falciparum to P. vivax ratio varied from 1.5 to 0.5 in blood films (6) . We observed an exceptionally high entomological inoculation rate of 0.12 infective bites per person per hour with Anopheles annularis, previously recognized only as a minor malaria vector in Sri Lanka (6) . This was because 93% of all anophelines collected in the village proved to be An. annularis, a mosquito species, which adapts well to lay eggs and undergo larval development in small irrigation channels. Later, molecular biological studies showed that the An. annularis in Sri Lanka was sibling species A, which is also characteristically known to develop in riverine and water channel habitats in India (21) . We proposed that An. annularis, and other anopheline vectors such as An. culicifacies, which was also found in Weheragala, could serve to maintain a high level of malaria transmission in the vicinity of new irrigation projects and thereby form nuclei of infections for producing malaria epidemics throughout the country (6) . One can reasonably speculate that malaria may have been introduced into ancient Polonnaruwa by infected persons arriving from other malaria endemic nations and then spread rapidly because of similar conducive conditions, namely a high density of potential vectors that developed in the vast irrigation schemes constructed by the Polonnaruwa kings. There was also no effective drug treatment for malaria at that time. Malaria could, therefore, have led to the rapid depopulation of Polonnaruwa and other ancient towns and cities that were dependent on dry zone irrigation schemes for their sustenance.
LAnDMARK DeveLOPMenTS in MALARiA COnTROL in THe 1990s in SRi LAnKA
A significant development in malaria control in Sri Lanka in the 1990s was the devolvement of many of the responsibilities of the Antimalaria Campaign of the Ministry of Health to the provincial Ministries of Health in 1991. This allowed control measures to be applied to better suit local conditions and needs. Vector control activities were maintained at varying levels of effectiveness by the decentralized services even in areas affected by the civil war (17) .
Another important development was the discontinuance of Malathion for indoor residual spraying in 1993 in most parts of the country as a result of the development of resistance to it among the major vectors (22) . Malathion was replaced with λ-cyhalothrin, a synthetic pyrethroid. Insecticides such as fenitrothion, λ-cyhalothrin, cyfluthrin, deltamethrin, and etofenprox were used in different districts on a rotational basis to delay the development of resistance in mosquitoes (22) . At the same time, long-lasting insecticide (pyrethroid)-treated nets began to be distributed by the Anti Malaria Campaign as a supplementary malaria control measure. However, Malathion continued to be used in the war-affected northern and eastern provinces until toward the end of the civil war in 2009 when it was replaced by the more effective pyrethroid insecticides.
MALARiA AFTeR THe YeAR 2000 in SRi LAnKA
The prevalence of malaria in the country due to indigenous transmission showed a sharp decline in the new millenium, from 210,048 cases in the year 2000 to 0 indigenous cases in 2013 and onward (Figure 3) . The proportion of falciparum malaria declined from 40% in 2000 to 8% in 2008. While there have The WHO certified Sri Lanka as a malarial-free country in September 2016. This certification was granted to Sri Lanka as there were no indigenous cases of malaria in the preceding 3 years.
A century of efforts by the AMC had finally paid off. However, there is a recognition that careful monitoring needs to be continued with active and passive case detections, and entomological, and parasitological surveillance. It has become particularly important to monitor visitors and travelers from other malariaendemic countries in view of the regular detection of cases of imported malaria (23) . For example, in 2013, imported cases of P. falciparum malaria were observed among Sri Lankan fishermen who had returned from working in fishing trawlers in Sierra Leone, while P. vivax was detected in a group of asylum seekers from Pakistan (23) . Rigorous case detection, effective drug treatment, and long-term monitoring of patients and contacts was considered essential to prevent imported malaria from being transmitted to the indigenous population (23) . The importance of active case detection was emphasized from the experience of controlling imported malaria and from observations made on the local population during the pre-elimination phase (24) . An unusual case of imported malaria was the detection of the zoonotic parasite Plasmodium knowlesi-caused malaria in a soldier returning from peninsula Malaysia (25) where knowlesi malaria is quite common (1). However, the identification of the parasite could only be done in Singapore because local expertise and facilities were not available (24) . Because related monkey hosts and anopheline vectors are present in Sri Lanka (1, 26) , there is a need to develop local expertise in identifying zoonotic malaria parasites, among which P. knowlesi, and to a lesser extent, Plasmodium cynomolgi, are presently the most relevant to human health in the Southeast Asian region (1) . In addressing the issue of imported malaria, the likely introduction of malaria to Polonnaruwa through importation in the thirteenth century has to be borne in mind.
The following are some essential measures that are being continued for keeping the country free from malaria: (i) Mosquito vector control measures (these can also reduce the transmission of other endemic mosquito-borne diseases like dengue and chikungunya), e.g., use of treated and untreated mosquito nets, indoor spraying of residual insecticides, as well as clearing blocked drains, filling and ensuring free flow of small streams and rivers to reduce the stagnant water that provides larval habitats. The AMC has recently expanded its mandate to include the control of Aedes aegypti and Aedes albopictus vectors of dengue and chikungunya, two diseases that have become significant health problems in the country. (ii) Education of medical staff and the general public about malaria and the dangers of importation from other countries. (iii) Effective surveillance for and prompt treatment of all cases of imported malaria
ReLevAnT FeATUReS TO COnSiDeR FOR eLiMinATinG MALARiA in OTHeR COUnTRieS
There are several characteristic features that contributed progressively to help eliminate malaria from Sri Lanka in 2013. These are:
(i) Sri Lanka is an island separated by at least 64 km from mainland India. Therefore, infected vectors are not likely to traverse this distance. Cross-border travel is mostly restricted to seaports and airports where good records can be maintained. Malaria control measures applied in the island do not need to consider people moving frequently through unpoliced land borders. This situation is unlike that prevailing in the highly malaria endemic countries of continental Africa and many parts of Asia and South America. (ii) While high rates of malaria transmission have occurred in localized areas within Sri Lanka, e.g., in areas of large irrigation development, the rates in most parts of the country were often significantly lower than the rates observed in highly malaria endemic countries of sub-Saharan Africa or the Mekong delta (10, 27) . Anopheline species with diverse vector potential, ecology, and climate are some factors that may be responsible for the differences in transmission rates (28) . (iii) Sri Lanka is a relatively small country (65,525 km 2 ) and has had good educational levels and health facilities for several decades. Government medical clinics and hospitals have been widely present throughout the island for many decades. They are easily accessible and provide free health care to everyone. Therefore, patients with malaria are able to seek medical treatment promptly and have effective antimalaria drugs administered quickly enough to reduce morbidity, mortality, and onward transmission to mosquito vectors (29, 30 (35) , and (e) one of the first clinical trials of a malaria vaccine (36) . (ix) Simple educational booklets on malaria written in English and the two vernacular languages of Sinhalese and Tamil were produced by academics and physicians to promote the public understanding of malaria and its control (11) . The medical community with non-governmental and voluntary support also organized frequent health camps in remote locations in malaria endemic areas, which resulted in the active detection of malaria cases and their prompt treatment. The health camps also helped raise awareness of malaria in many isolated locations. (x) Rapid development led to improved housing, communication, transport, and health-care facilities in the country. Greater prosperity also resulted in more widespread use of personal measures that protect against malaria infection, e.g., pyrethroid insecticide sprays and mosquito coils, bed nets, mosquito proofing of houses, and electric fans.
A cross-survey analysis of malaria elimination programs in nine countries (including Sri Lanka) in 2013/2014 concluded that "Political commitment and sustained financing contributed to malaria program success. Consistency of malaria programs depends on political commitment, human and financial resources, and leadership. Operational capacity of the program and the overall health system structure and strength are also important aspects" (37) . Countries that have been identified by the WHO to have an increase in either malaria mortality or incidence in the period from 2010 to 2015 are: Nicaragua, Peru, Venezuela, Djibouti, Somalia, Gabon, Kenya, Madagascar, Mali, Namibia, Rwanda, and South Africa (2). These countries go against the general global trend of falling malaria incidence and mortality and appear not have the requisite critical features identified above for successful malaria control (37) . They are also not small islands like Sri Lanka and are, therefore, exposed to cross-border and cross-region transmission of malaria. In many of the above countries as well as others showing greater progress with malaria control, cross-border and transnational coordination of malaria control activities and strategies is likely to prove important for eliminating malaria.
